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Abstract: Lipase production was examined with 3 strains of Yarrowia lipolytica: NBRC 1658, IFO 1195, and a local
strain. All strains were obtained from Hacettepe University’s Department of Food Engineering. The addition of nitrogen
and carbon sources and the effects of initial pH and temperature parameters were studied. For all 3 strains, the growth
temperature range was 20-40 °C, and maximum growth was determined at 30 °C. The initial pH range was 6-9 for
growth and 3-6 for lipase production. Maximum growth results were detected as follows: Y. lipolytica NBRC 1658 at
30 °C and pH 8, Y. lipolytica IFO 1195 at 30 °C and pH 8-9, and Y. lipolytica local strain at 30 °C and pH 7. However,
maximum lipase production was detected at 30 °C and pH 4.4 for Y. lipolytica NBRC 1658, at 30 °C and pH 4.8 for Y.
lipolytica IFO 1195, and at 30 °C and pH 4.6 for Y. lipolytica local strain. The effects of various nitrogen sources on lipase
production showed that ammonium sulfate increased the lipase production, whereas urea, peptone, and casein did
not show a distinct effect on lipase production. The addition of various sugars also did not increase lipase production
efficiently. However, some oils showed a distinct effect on lipase production. The highest lipase activity determined was
16 U/mL, with the addition of 1% ammonium sulfate and 1% olive oil into the production medium of Y. lipolytica NBRC
1658.
Key words: Lipase production, ammonium sulfate, Yarrowia lipolytica

Üç farklı Yarrowia lipolytica suşunun lipaz üretimlerinin karşılaştırılması: NBRC
1658, IFO 1195 ve yerli suşu
Özet: Hacettepe Üniversitesi, Gıda Mühendisliği Bölümü’nden edinilen üç Yarrowia lipolytica NBRC 1658, IFO 1195
ve yerli suş’larından lipaz üretimi araştırılmıştır. Lipaz üretim ortamı başlangıç pH’sı ve sıcaklığına ek olarak üretim
ortamına nitrojen ve karbon kaynaklarının ilavesi çalışılmıştır. Her üç suşun üretim sıcaklık aralığı 20-40 °C olarak
tespit edilmiştir, maksimum ise 30 °C’dir. Lipaz üretim ortamının başlangıç pH’ları ayarlanarak yapılan çalışmanın
sonucunda, her üç suşun üreme pH aralığı 6-9, lipaz üretim pH aralığı ise 3-6 olarak saptanmıştır. Y. lipolytica NBRC
1658 suşu için maksimum üreme 30 °C ve 8 pH’da, lipaz üretimi ise 30 °C ve 4,4 pH’da; Y. lipolytica IFO 1195 suşu için
maksimum üreme 30 °C ve 8-9 pH’da, lipaz üretimi ise 30 °C ve 4,8 pH’da; Y. lipolytica yerli suşu için maksimum üreme
30 °C ve 7 pH’da, lipaz üretimi ise 30 °C ve 4,6 pH’da saptanmıştır. Lipaz üretimi ortama amonyum sülfat eklenmesiyle
oldukça artırılmıştır. Ortama eklenen farklı şekerlerin lipaz üretimini artırmadığı tespit edilmiştir. Ancak ortama ilave
edilen yağların lipaz üretimini artırdığı gözlenmiştir. En yüksek lipaz aktivitesine Y. lipolytica NBRC 1658 suşunda
rastlanmıştır. Lipaz üretim besiyerine eklenen % 1 amonyum sülfat ve % 1 zeytin yağı lipaz aktivitesini 16 U/mL olarak
artırmıştır.
Anahtar sözcükler: Lipaz üretimi, amonyum sülfat, Yarrowia lipolytica
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Introduction
Lipases (EC 3.1.1.3) are soluble enzymes that act
on natural insoluble triglyceride substrates and thus
perform interfacial catalysis. They can be defined
as carboxylesterases, which catalyze the hydrolysis
of long-chain acylglycerols to glycerol, free fatty
acids, and mono- and diglycerides (1). Lipases
also catalyze esterification, interesterification,
acidolysis, alcoholysis, and aminolysis, in addition
to their hydrolytic activity on triglycerides (2). Their
catalytic process can be described in terms of a lipase
adsorption step occurring at the oil-water interface,
followed by the formation of an interfacial enzymesubstrate complex and the release of lipolysis
products (3,4).
Lipases are placed only after proteases and
carbohydrases in the world enzyme market and share
about 5% of the enzyme market (5). They are one
of the most important classes of industrial enzymes
and they have many applications in the food, dairy,
detergent, and pharmaceutical industries (6). Novel
biotechnological applications have been successfully
established using lipases for the synthesis of
biopolymers and biodiesel, and for the production
of enantiopure pharmaceuticals, agrochemicals, and
flavor compounds (7).
Lipases are by and large produced from
microbes (8). Since lipases are physiologically
necessary for living organisms, they are ubiquitous
and can be found from diverse sources such as plants,
animals, and microorganisms (9). More abundantly,
however, they are found in bacteria, fungi, and yeasts
(10).
The yeast Yarrowia lipolytica, formerly known
as Candida, Endomycopsis, or Saccharomycopsis
lipolytica, is nonpathogenic to humans and has
been approved for several generally recognized as
safe (GRAS) industrial processes. Y. lipolytica is an
obligate aerobic dimorphic ascomycete that naturally
secretes large amounts of various metabolites (11).
This yeast is able to accumulate large amounts of
lipids (in some cases, more than 50% of its dry weight)
and utilize hydrophobic substrates (e.g., alkanes, fatty
acids, and oils) efficiently as a sole carbon source (12).
Lipase production is affected by several extracellular
factors, including the carbon source level, the pH, the
dissolved oxygen level, and the nitrogen source. At
16

this time, some mechanisms at the level of nutrient
assimilation by Y. lipolytica cells remain incompletely
understood. There is also a lack of understanding of
the scale-up effect on the microbial production of
lipase (13).
This work was undertaken to compare lipase
production by 3 Yarrowia lipolytica strains, NBRC
1658, IFO 1195, and a local strain. The pH optima of
lipase production medium, temperature, and stirring
speed were studied. Effects of different carbon and
nitrogen sources on lipase production were also
examined.
Materials and methods
Microorganisms
Yarrowia lipolytica NBRC 1658, IFO 1195, and
local strain were obtained from Hacettepe University’s
Department of Food Engineering. The origin of the
Y. lipolytica NBRC 1658 and IFO 1195 strains was
the National Institute of Technology and Evaluation’s
Biological Resource Center, Japan, and the origin of
the Y. lipolytica local strain was Ankara University’s
Department of Food Engineering, Turkey (14).
Medium and incubation
From each Y. lipolytica strain, 1 mL was inoculated
in lipase production medium (15) having the
following composition (g/L): 12 NaH2PO4, 2 KH2PO4,
0.3 MgSO4.7H2O, 0.25 CaCl2, 0.005 FeSO4.7H2O,
0.015 MnSO4.7H2O, 0.03 ZnSO4.7H2O, and 1
peptone. Peptone was the initial nitrogen source and
was displaced by other nitrogen sources during the
experiments. The medium’s pH was adjusted to 4.4;
after sterilization, 1% olive oil (v/v) was added. Olive
oil was the variable carbon source in the experiments.
Incubation was carried out at 30 °C and 150 rpm for
72 h in a rotary incubator.
Lipase production
The initial pH levels of the media were separately
adjusted within the range of 3-9, and the pH ranges of
growth and lipase production were determined. The
temperature range of growth was detected between
10-40 °C. A stirring speed of growth between 100 and
250 rpm with 50-rpm intervals was implemented.
The effects of incubation temperature and stirring
speed on lipase production were also determined.
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Results showed that the initial pH range suitable for
growth was 5-8, and maximum growth was detected
at pH 9 for Y. lipolytica NBRC 1658, 5-9 and 8-9 for Y.
lipolytica IFO 1195, and 4-8 and 7 for the Y. lipolytica
local strain. However, the initial pH for lipase
production varied for growth. For the NBRC 1658
strain, the pH range was 4-6 and the maximum pH
was 4.4 (Figure 1a); for the IFO 1195 strain, the pH
range was 3-6 and the maximum pH was 4.8 (Figure
1b); and for the local strain, the pH range was 3-5 and
the maximum pH was 4.6 (Figure 1c). The growth
Yarrowia lipolytica

Preparation of crude lipase

CFS was used as an enzyme source for lipase
assay: 1 mL of olive oil, 1 mL of enzyme source, 4.5
mL of 50 mM acetate buffer (pH 5.6), and 0.5 mL of
0.1 M CaCl2 were stirred gently and incubated at 30
°C and 200 rpm for 30 min. The reaction was stopped
by adding 20 mL of ethyl alcohol. Lipase activity was
determined by titration of the released fatty acids
with 50 mM potassium hydroxide up to a final pH of
10.5 (16,17). One unit of lipase activity was defined as
the amount of enzyme that catalyzed the release of 1
μmol fatty acid/min at 30 °C under assay conditions.
Results and discussion
Effects of initial pH and temperature on lipase
production
A comparison of lipase production was conducted
with 3 Y. lipolytica strains: NBRC 1658, IFO 1195,
and a local strain. The goal was to increase the lipase
production from the Y. lipolytica strains and detect
the strain that produced the highest levels of lipase.
For this purpose, a basic medium was selected for
lipase production (15). The composition of this
medium was modified to increase lipase production.
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Figure 1a. Effect of pH on growth and lipase production by
Yarrowia lipolytica NBRC 1658 (standard deviations:
±0.086 for growth and ±2.367 for lipase activity).
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After incubation, the culture media were
filtered with Whatman No. 1 filter paper and then
centrifuged at 7200 rpm for 10 min to obtain the
cell-free supernatant (CFS). The lipase activity was
assayed from the CFS. Biomass was determined by
dry weight at 30 °C for 48 h and was expressed as
grams of cell dry weight per 100 milliliters.
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Carbon and nitrogen sources affecting growth
and lipase production in Y. lipolytica strains were
studied. Various carbohydrates (with and without
1% olive oil) were added to the production medium
individually. As carbon sources, 1% olive oil, extra
virgin olive oil, sunflower oil, corn oil, soybean oil,
and canola oil were added to the medium separately.
To investigate the effect of nitrogen sources, 1%
proteose peptone, peptone, yeast extract, casein,
urea, ammonium oxalate, ammonium nitrate,
ammonium carbonate, and ammonium sulfate were
added, with and without 1% olive oil. The results of
the experiments were determined and computed.
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Figure 1b. Effect of pH on growth and lipase production by
Yarrowia lipolytica IFO 1195 (standard deviations:
±0.140 for growth and ±1.500 for lipase activity).
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Figure 1c. Effect of pH on growth and lipase production by
Yarrowia lipolytica local strain (standard deviations:
±0.141 for growth and ±1.497 for lipase activity).
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Figure 2a. Effect of temperature on growth and lipase production
by Yarrowia lipolytica NBRC 1658 (standard
deviations: ±0.118 for growth and ±0.744 for lipase
activity).
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Figure 2b. Effect of temperature on growth and lipase production
by Yarrowia lipolytica IFO 1195 (standard deviations:
±0.133 for growth and ±1.126 for lipase activity).
Yarrowia lipolytica

temperature was also investigated, and maximum
growth and lipase production was seen at 30 °C
(Figures 2a-2c). The effect of stirring speeds between
100 and 250 rpm was studied for growth and lipase
production. Maximum growth and lipase production
were detected at stirring speeds of 250 and 200 rpm
for Y. lipolytica NBRC 1658 and IFO 1195 (Figures
3a and 3b), respectively. However, the maximum
growth of the Y. lipolytica local strain was detected at
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Figure 2c. Effect of temperature on growth and lipase production
by Yarrowia lipolytica local strain (standard deviations:
±0.086 for growth and ±0.938 for lipase activity).

150-250 rpm, and maximum lipase production was
seen at a stirring speed of 150-200 rpm (Figure 3c).
There are many studies on lipase production
by various fungi (18-20), but one of the main
terrestrial species of yeasts found to produce lipases
is Y. lipolytica (5). There are many studies on lipase
production by Y. lipolytica, formerly known as
Candida lipolytica (3,6,11,18). For instance, Babu
and Rao studied lipase production by the Y. lipolytica
NCIM 3589 strain (6). Similarly, Corzo and Revah
studied lipase production by the Y. lipolytica 681
strain (3), and Lanciotti et al. screened 62 strains of
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Figure 3b. Effect of stirring speed on growth and lipase
production by Yarrowia lipolytica IFO 1195 (standard
deviations: ±0.156 for growth and ±0.426 for lipase
activity).

Y. lipolytica for lipase production in the treatment
of olive mill wastewater (21). Although studies of Y.
lipolytica strains do exist, there has not been much
study of the production of lipase by Y. lipolytica
NBRC 1658, IFO 1195, or our local strain.
Several lipases have been detected in Y. lipolytica,
including intracellular, membrane-bound, and
extracellular enzymes (22). In this study, intracellular
and extracellular lipases were investigated, but
membrane-bound lipases were not.

Various carbon and nitrogen sources added
to the lipase production medium showed that
carbohydrates added with olive oil increased the
growth but not the lipase production. Carbohydrates
added to the production medium without olive oil
led to low growth rates, although when they were
added with olive oil, growth was increased efficiently
in all Y. lipolytica strains. Glucose used as a carbon
source without olive oil showed the highest lipase
production, 6.17 U/mL, in Y. lipolytica NBRC 1658;
however, fructose was the best carbon source for
growth (Figure 4a). Glucose and sucrose without
olive oil showed the highest lipase production, 4.83
U/mL, in Y. lipolytica IFO 1195; however, galactose
was the best carbon source for growth (Figure 4b).
The highest lipase production by the Y. lipolytica
local strain was galactose without olive oil, at 5 U/
mL, and galactose was the best carbon source for
growth (Figure 4c).
The effects of oils were also determined. Maximum
lipase activity was detected in the medium containing
canola oil at 6 U/mL in Y. lipolytica NBRC 1658
(Figure 5a). Soybean oil increased lipase production
by Y. lipolytica IFO 1195 at 7.33 U/mL (Figure 5b)
and the local strain at 5.33 U/mL (Figure 5c). In the
local strain, however, all oils, added separately to the
19

Comparison of three Yarrowia lipolytica strains for lipase production: NBRC 1658, IFO 1195, and a local strain

3

6
5

2.5

4

2
3

1.5

2

1

3.5

0

0

0.5

Sucrose

5
4
3
2
1
0

0
Glucose

Growth (without olive oil)
Lipase activity (without olive oil)

Figure 4a. Effect of carbohydrates with and without olive oil on
growth and lipase production by Yarrowia lipolytica
NBRC 1658 (standard deviations: ±0.163 for growth
with olive oil, ±0.084 for growth without olive oil,
±0.561 for lipase activity with olive oil, ±0.742 for
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lipase activity without olive oil).
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Many researchers have tried to change the
composition of media by the addition of different
carbon and nitrogen sources and alterations in
physicochemical factors such as temperature, pH,
and dissolved oxygen (23,24). The major factor for
Yarrowia lipolytica
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±0.335 for lipase activity with olive oil, ±0.137 for
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lipase production medium, showed approximately
similar values. For instance, production values of
olive, sunflower, and canola oils were 5.17 U/mL, and
that of corn oil was 5 U/mL.
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Figure 5a. Effect of oils on growth and lipase production by
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the expression of lipase activity has always been
reported as the carbon source, since lipases are
inducible enzymes. These enzymes are generally
produced in the presence of a lipid such as oil or
any other inducer (8,25). However, nitrogen sources
and essential micronutrients should also be carefully
considered for growth and production optimization
(24).

Dalmau et al. studied different carbon sources
affecting growth and lipase production in Candida
rugosa, and they found that carbohydrates and acids
not related to fats did not induce lipase production
(26). A study was therefore undertaken to investigate
the effect of different growth media (with and without
olive oil) supplemented with various nitrogen (yeast
extract, tryptone, and proteose-peptone) and carbon
(glucose and fructose) sources on lipase production
by C. rugosa (27). High yields of the enzyme were
obtained with yeast extract and proteose-peptone in
the medium with olive oil (5.58 U/mL), but lipase
activity decreased with the addition of glucose and
lactose. Darvishi et al. studied the effect of plant oils
and organic nitrogen sources on lipase production
by Y. lipolytica DSM 3286, and the highest lipase
activity was detected on the medium with olive oil
(34.6 U/mL) and yeast extract medium (34.7 U/mL)
(28). According to Lee et al., glycerol and glucose
were used as the most efficient carbon sources, and a
combination of yeast extract and peptone was a good
nitrogen source for lipase production by Y. lipolytica
NRRL Y-2178 (29).
Researchers who studied lipase production
generally adjusted the culture pH between 3 and 11
and the growth temperature between 10 and 70 °C.
The stirring speed is as important as the carbon and
nitrogen sources, the culture pH, and the growth
temperature. Alonso et al. studied lipase production
by a Brazilian wild strain of Y. lipolytica at different
stirring speeds and air flow rates, and maximum
lipase activity was detected in the late stationary
phase at 200 rpm (30).
Although carbon sources did not affect lipase
production as expected, nitrogen sources did.
Nitrogen sources with and without olive oil addition
in the lipase production medium showed different
results. In Y. lipolytica NBRC 1658, casein, peptone,
proteose peptone, and urea with olive oil showed
the highest growth values. Without olive oil, casein,
ammonium oxalate, ammonium carbonate, and
ammonium nitrate showed the highest growth rates.
Addition of compounds with ammonium led to
the best increase in lipase production. Ammonium
sulfate was the best nitrogen source. Addition of olive
oil to the medium with ammonium sulfate increased
lipase production to 16 U/mL, although without
21
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peptone, (C) yeast extract, (D) casein, (E) urea,
(F) ammonium sulfate, (G) ammonium oxalate,
(H) ammonium nitrate, (I) ammonium carbonate
(standard deviations: ±0.242 for growth with olive
oil, ±0.102 for growth without olive oil, ±3.599 for
lipase activity with olive oil, ±3.304 for lipase activity
without olive oil).

In Y. lipolytica IFO 1195, the addition of olive
oil with casein, yeast extract, proteose peptone,
and peptone increased biomass production, but
without olive oil, there was a small rise in biomass
only with casein. Ammonium sulfate was again the
best nitrogen source, with olive oil lipase production
determined at 10.17 U/mL; without olive oil, it was
11.67 U/mL (Figure 6b). Ammonium nitrate had a
distinct effect on lipase production with the presence
of olive oil, with values of 9.67 and 8.83 U/mL with
and without olive oil, respectively.
Similar results were also detected in lipase
production by the Yarrowia lipolytica local strain. In
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olive oil, ammonium sulfate increased the lipase
production to 14 U/mL (Figure 6a). Ammonium
nitrate and ammonium oxalate also showed a distinct
effect on lipase production with the presence of olive
oil, at 10.5 and 8 U/mL, respectively.
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Figure 6b. Effect of nitrogen sources with and without olive oil on
growth and lipase production by Yarrowia lipolytica
IFO 1195: (A) proteose peptone, (B) peptone, (C) yeast
extract, (D) casein, (E) urea, (F) ammonium sulfate,
(G) ammonium oxalate, (H) ammonium nitrate, (I)
ammonium carbonate (standard deviations: ±0.287
for growth with olive oil, ±0.111 for growth without
olive oil, ±2.177 for lipase activity with olive oil,
±2.707 for lipase activity without olive oil).

the presence of olive oil, casein, peptone, proteose
peptone, and yeast extract showed the highest growth
values. Ammonium compounds such as ammonium
sulfate, ammonium nitrate, ammonium oxalate,
and casein were the best nitrogen sources, with
and without olive oil, in the production medium.
Ammonium sulfate without olive oil showed the
highest lipase activity, 10.67 U/mL, although with
olive oil, it was 9.5 U/mL (Figure 6c).
Fadıloğlu and Erkmen studied the effects of
carbon and nitrogen sources on lipase production
by Candida rugosa, reporting that while high yields
of enzyme activity (5.58 U/mL) were obtained with
yeast extract and proteose peptone in the medium
with olive oil, the minimum lipase activity (2.81 U/
mL) was observed with tryptone and lactose. In the
absence of olive oil, the media with proteose peptone
and glucose had the maximum enzyme activity (2.21
U/mL). The best results in the production of lipase
were obtained with the use of olive oil as the carbon
source in the presence of nitrogen sources. Biomass
concentration was also high in the presence of olive
oil (27).
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Figure 6c. Effect of nitrogen sources with and without olive
oil on growth and lipase production by Yarrowia
lipolytica local strain: (A) proteose peptone, (B)
peptone, (C) yeast extract, (D) casein, (E) urea,
(F) ammonium sulfate, (G) ammonium oxalate,
(H) ammonium nitrate, (I) ammonium carbonate
(standard deviations: ±0.223 for growth with olive
oil, ±0.080 for growth without olive oil, ±2.047 for
lipase activity with olive oil, ±2.545 for lipase activity
without olive oil).

Maximum lipase production was detected with a
growth temperature of 30 °C and a stirring speed of
200 rpm at 48 h of incubation in all 3 Y. lipolytica
strains.
The aim of this study was to increase the lipase
production by 3 Y. lipolytica strains. The reference
lipase production medium (15) did not show a
distinct effect on lipase production. The nitrogen
source in this medium was only 0.1% peptone.
Results showed that, for lipase production, all 3 Y.
lipolytica strains needed more than that value, and
not peptone, for the nitrogen source. The effect of
carbohydrates on lipase production was not positive
as expected (26). Furthermore, some oils increased
the lipase production more than olive oil. For
instance, canola oil and soybean oil increased lipase
production more than olive oil in Y. lipolytica NBRC
1658 and Y. lipolytica IFO 1195, respectively. All oils
used as carbon sources by the Y. lipolytica local strain
showed similar effects on lipase production. Only
nitrogen sources increased the lipase production,
and the addition of ammonium sulfate gave the best
results. The aim of the study was to increase lipase
production, and lipase production was increased
by the modification of the basic lipase production
medium.

Conclusions
The results showed that the lipase production
medium could be modified as follows (g/L): 12
NaH2PO4, 2 KH2PO4, 0.3 MgSO4.7H2O, 0.25 CaCl2,
0.005 FeSO4.7H2O, 0.015 MnSO4.7H2O, 0.03
ZnSO4.7H2O, and 1% ammonium sulfate (w/v), with
the initial pH adjusted to 4.4 for Y. lipolytica NBRC
1658, 4.8 for Y. lipolytica IFO 1195, and 4.6 for the Y.
lipolytica local strain. After sterilization at 121 °C for
15 min, 1% olive oil (v/v) was added to the media.
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